Carbon Nanotubes as Novel Promoter of CoMo oxide-based Catalyst for Higher Alcohol Synthesis from Syngas by 郭岩岩
学校编码：10384                        分类号________密级________ 
学号：200325072                         UDC ________ 
  
 




Carbon Nanotubes as Novel Promoter of CoMo oxide-based 
Catalyst for Higher Alcohol Synthesis from Syngas 
 
                          郭岩岩 
指导教师姓名：张 鸿 斌  教授 
专 业 名  称：物  理  化  学 
论文提交日期：2006 年 7 月 
论文答辩日期：2006 年 7 月 




              

















Carbon Nanotubes as Novel Promoter of CoMo oxide-based 












































      
                           声明人（签名）： 






















  1、保密（ ），在   年解密后适用本授权书。 




作者签名：      日期：  年 月 日 



































多壁碳纳米管（Multi-walled carbon nanotubes, 简写为 MWCNTs，下同）是












1.  碳纳米管促进合成气制低碳醇 Co-Mo-K 氧化物基催化剂的研制 
用自行制备的多壁碳纳米管（MWCNTs）作为促进剂，制备了一类共沉淀


















对 CO 加氢生成低碳醇显示出高的转化活性和生成 C2~9-醇（尤其辛醇）优良的
选择性；在其组成经优化的 Co1Mo1K0.05-12%MWCNTs 催化剂上，5.0 MPa、563 
K、V(H2)/V(CO)/V(N2) = 60/30/10、GHSV = 8000 mLSTP•h–1•g-cat.–1 的反应条件下，
CO 转化率达 27.6%，是不含 MWCNTs 的对应物上这个值（21.9%）的 1.26 倍；
产物碳链偏离 Schulz-Flory 分布律，C8-醇成为最主要含碳有机产物（碳基选择性
达 23.5%）；C1~9-醇+二甲醚(DME)的时空产率达 308 mg•h–1•g-cat.–1，是不含




2.  碳纳米管促进合成气制低碳醇 Co-Mo-K 氧化物基催化剂的表征 
氧化前驱态催化剂的 H2-TPR 比较研究显示，被调查的两类催化剂的可还原
性高低顺序为：Co1Mo1K0.05-12%MWCNTs >> Co1Mo1K0.05；表明 MWCNTs 的加
入明显地提高了 Co-Mo-K 氧化物基催化剂的可还原性；这一顺序与这两种催化
剂上低碳醇合成反应活性高低顺序相一致。 
工作态催化剂的 XRD 测量结果表明，对于 MWCNTs 促进的催化剂
Co1Mo1K0.05- 12%MWCNTs，除观测到属于 MWCNTs 的 XRD 特征衍射峰之外，
所观测属于催化剂金属氧化物组分的物相主要是 CoMoO4 微晶相，其 XRD 衍射
峰的强度较之不含 MWCNTs 的对应物体系的弱，表明前者的 CoMoO4 微晶粒径
较小。 
工作态催化剂的 XPS 表征揭示，碳纳米管促进的体系（Co1Mo1K0.05- 
12%MWCNTs）的 Co(2p)-XPS 谱与不含碳纳米管对应物（Co1Mo1K0.05）的相比，
其谱峰位置和峰形无明显不同，均显示出与 Mon+物种发生相互作用生成
Co-Mo-Ox (3 ≤ x ≤ 4)二元氧化物簇的那些氧化钴物种的特征；但这些体系的
Mo(3d)-XPS 谱的谱峰位置和峰形却明显有异：含 MWCNTs 的体系上较低价态
表面 Mon+物种（Mo4+和 Mo5+）在总 Mo 量中所占摩尔百分率达 45.9mol%，是
不含 MWCNTs 对应物体系上这个值（11.8mol%）的 3.9 倍。 























3.  碳纳米管的促进作用本质 
本文有关碳纳米管促进 Co-Mo-K 氧化物基催化剂及其不含碳纳米管对应物
的对比研究显示，适当添加少量 MWCNTs 于 Co-Mo-K 氧化物催化剂中并不引起
该催化剂上低碳醇合成反应的表观活化能发生明显变化，似乎暗示碳纳米管助剂
的参与并不导致所促进基质催化剂上 CO 加氢生成低碳醇或烃的反应速率决定
步骤有所改变。H2-TPR 和 XPS 调查揭示，与不含 MWCNTs 的对应体系相比，
MWCNTs 促进的催化剂更易于被还原（尤其在较低温度下），工作态催化剂表层




































During the last three decades, there has been a growing concern that the 
environment on a worldwide basis has been deteriorating and that in long range 
planning natural resources are limited and consumed at increasing rates. Many of 
environmental problems are related to energy production and utilization. In particular, 
this environmental concern has been directed to the transportation market. People 
began to call on the use of alternative fuels in the industrial sector of the world 
economy.  
Higher alcohol synthesis from hydrogen and carbon monoxide has been 
extensively studied since the mid-1980s. A number of pioneer works and excellent 
reviews have been published on this subject. Progress in this field has considerably 
contributed to the growing understanding of the nature of these catalytic reaction 
systems. Nevertheless, the process developed so far lacked selectivity, overall 
desirable yield, and stability. Under the used reaction conditions, most systems 
produce methanol as the main product instead of C2+-alcohols. Development of 
catalysts with high efficiency and selectivity to the alcohols has been one of the key 
objectives for R&D efforts. 
Multi-walled carbon-nanotubes (symbolized as MWCNTs in later text) as a 
novel material are drawing increasing attention recently. This new form of carbon, 
which is structurally very close to hollow graphite fiber, possesses a series of unique 
features, such as highly conductive graphitized tube-wall, sp2-C-constructed surface, 
nanosized channel, high thermal/electrical conductivity, and excellent performance for 
adsorption and spillover of hydrogen. These make the MWCNTs full of promise to be 
a novel catalyst carrier or promoter. 
In this dissertation, highly active MWCNT-promoted Co-Mo-K oxide-based 
catalysts, denoted as CoiMojKk-x%(mass percentage)MWCNTs, were prepared by 
co-precipitation method. Using a series of physico-chemical methods (XRD, XPS, 
TEM/SEM, H2-TRD, H2-TPR), these catalyst systems were characterized. The results 

















developing highly active catalysts. The progress obtained in the present work were 
briefly described as follows: 
 
1. Preparation and performance of MWCNT-promoted co-precipitated 
Co-Mo-K catalysts for higher alcohol synthesis 
With the homemade multi-walled carbon nanotubes (MWCNTs) as promoter, a 
series of MWCNT-promoted Co-Mo-K oxide-based catalysts, denoted as 
CoiMojKk-x%(mass percentage)MWCNTs, were prepared by co-precipitation method. 
Their catalytic performance for higher alcohol synthesis from syngas (2H2/CO) was 
evaluated, and compared with the corresponding MWCNT-free counterpart, CoiMojKk. 
It is experimentally found that appropriate incorporation of a minor amount of the 
MWCNTs into the CoiMojKk can significantly advance the catalyst activity for higher 
alcohol synthesis. Under the reaction condition of 5.0 MPa, 563 K, V(H2)/V(CO)/V(N2) 
= 60/30/10, GHSV = 8000 mLSTP•h–1•g-cat.–1, the observed space-time-yield (STY) of 
C1~9-alcohols over the prepared Co1Mo1K0.05-12%MWCNTs catalyst reached 308 
mg•h–1•g-cat.–1, which was 1.54 times as high as that (199 mg•h–1•g-cat.–1) of the 
MWCNT-free counterpart, Co1Mo1K0.05, at the same conditions; C8-alcohol became 
the predominant product of the CO hydrogenation, with the carbon-based selectivity 
reaching 23.5C%. The mass% of C2~9-alcohols and DME combined reach 95% in the 
total oxygenated products obtained at 563K, a good prospect for such oxygenated 
products to be used as gasoline additives. It is also experimentally found that the 
water-gas-shift side-reaction was inhibited to a great extent over the 
MWCNT-promoted Co-Mo-K catalysts. 
 
2.  Characterization of MWCNT-promoted co-precipitated Co-Mo-K catalysts 
for higher alcohol synthesis 
The H2-TPR measurement of the catalyst precursors showed that the reducibility 
of Co1Mo1K0.05-12%MWCNTs catalyst is higher evidently than that of Co1Mo1K0.05, 
which is good consistent with the sequence of their catalytic activity for higher 
alcohol synthesis. 

















Co1Mo1K0.05-12%MWCNTs, the observed XRD peaks mainly appeared at: 2θ = 
14.1°，25.3°, 26.5°, 28.5°, 32.8° and 43.3°, which were the characteristics of CoMoO4 
crystallite-phases with different crystal lattice structures; in addition, the peaks at 2θ = 
26.5° and 43.3° also involved the contribution from the reflections of (002) and (100) 
planes, respectively, of graphite-like tube-wall of the CNTs. The intensities of the 
peaks due to CoMoO4 crystallite-phases were relatively weak, implying that the size 
of CoMoO4-crystallites was smaller, compared to that of the MWCNT-free reference 
system. 
The XPS measurement indicated that there was little deference between the 
CNT-promoted Co-Mo-K catalyst and the CNT-free counterpart in the position and 
shape of their Co(2p)-XPS peaks. The Co(2p3/2, 2p1/2) peaks exhibited at 781 and 
796.5 eV (B.E.), with their area-intensity ratio at: I(779.1)/I(794.1) ≈ 2. These values 
are characteristics of the Co2+- species interacting with Mon+ species to form 
Co-Mo-Ox (3 ≤ x ≤ 4) composite species. 
On the other hand, significant difference existed between the Mo(3d)-XPS 
spectra of both catalyst systems mentioned above. The molar ratio of the Mo-species 
with mixed valence-states co-existing at the surface of functioning catalyst was 
Mo4+/Mo5+/Mo6+ = 3.5/42.4/54.1 for CNT-promoted system, Mo1Co1K0.05-12%CNT, 
whereas Mo4+/Mo5+/Mo6+ = 0.2/11.6/88.2 for the CNT-free counterpart, Mo1Co1K0.05. 
This means that the relative content of the lower valence-state Mon+-species (Mo4+ 
and Mo5+) at the surface of functioning Mo1Co1K0.05-12%CNT catalyst was 3.9 times 
as high as that of the CNT-free counterpart, Mo1Co1K0.05. 
The H2-TPD measurement demonstrated that the MWCNT-promoted catalysts 
could adsorb and storage a considerably greater amount of hydrogen at the 
temperatures for alcohol synthesis (523~583 K for the present work). The relative 
area-intensities of the observed H2-TPD peaks on the Co1Mo1K0.05-12%MWCNTs in 
the region of temperatures below 653 K was 1.6 times as high as that of the 
MWCNT-free counterpart, Co1Mo1K0.05. This suggested that the sequence of 
increasing concentration of hydrogen-adspecies at the surface of functioning catalysts 
was: Co1Mo1K0.05-12%MWCNTs > Co1Mo1K0.05, in line with the observed sequence 

















3． Nature of the promoter action by MWCNTs 
The results of catalyst characterization indicated that proper incorporation of a 
minor amount of the CNTs into the Co1Mo1K0.05 caused little change in the apparent 
activation energy for the reaction of the higher alcohol synthesis, but resulted in 
considerable improvement of the reducibility of the catalyst procursor in the oxidation 
state and a significant increase in the molar-percentage of catalytically active 
Mo-species (mainly Mo4+ and probably Mo5+) in the total Mo-amount at the surface of 
the functioning catalyst. In the other hand, the H2-TPD measurements revealed that the 
CNTs and the pre-reduced CNT-promoted Co-Mo-K catalyst could reversibly adsorb 
and store a considerably greater amount of hydrogen under atmospheric pressure at 
temperatures ranging from room temperature to ~573 K.  This unique feature would be 
beneficial to generating microenvironments with higher stationary-state concentration 
of active hydrogen-adspecies on the surface of the functioning catalyst. Through 
MWCNT-promoted hydrogen spillover, those H-adspecies could readily be transferred 
to CoiMojKk active sites, and thus be favorable to increasing the rate of the CO 
hydrogenation reactions. In addition, high stationary-state concentration of H-adspecies 
an the surface of catalyst would inhibit WGS side-reaction to a certain extent. These 
factors mentioned above contribute considerably to an increase in the product yields. 
 
In conclusion, the MWCNTs could serve as an excellent promoter of the 
Co-Mo-K oxide-based catalyst for HAS from syngas. Appropriate incorporation of a 
minor amount into the Co-Mo-K oxide-based catalyst resulted, on one hand, in a 
significant increase in the molar percentage of catalytically active Mo-species (Mo4+ 
and Mo5+) and, on the other hand, in pronounced enhancement of the dissociatively 
adsorbed hydrogen H(a) at the surface of the functioning catalyst. These were 
favorable to increasing the rate of the CO hydrogenation reactions and inhibiting 
WGS side-reaction, thus contributing to a significant increase in the product yields of 
higher alcohol synthesis.  
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